Background: It is known that gutka chewing jeopardizes periodontal health; however, severity of periodontal inflammation in gutka chewers with and without prediabetes remains unknown. The aim of this study is to investigate the association of periodontal inflammatory conditions with gutka chewing and prediabetes.
G utka is a form of smokeless tobacco that is a mixture of powdered tobacco, areca nut (fruit of the Areca catechu tree), and slaked lime (aqueous calcium hydroxide). [1] [2] [3] [4] Other components of gutka include menthol and perfumery compounds such as sandalwood and musk ketones. Gutka chewing is a common practice in communities originating from southeast Asian countries including Bangladesh, India, Pakistan, and Sri Lanka. Habitual gutka chewing has been associated with several oral mucosal disorders including periodontal inflammation, oral submucous fibrosis, and oral cancer. 1, [3] [4] [5] Areca nut, an essential component of gutka, has been associated with several disorders, including epilepsy, hepatocellular carcinoma, metabolic syndrome, impaired glucose tolerance (IGT), and diabetes. 6 Slaked lime, areca nut, and powdered tobacco (the major constituents of gutka) are independent risk factors of periodontal inflammation and have also been shown to suppress the growth of cultured gingival keratinocytes and periodontal fibroblasts. 7, 8 Studies 9, 10 have also reported that arecoline has a diabetogenic effect and may result in insulin resistance by obstructing insulin signaling. The exact mechanism through which areca-nut chewing induces hyperglycemia remains debatable; however, it has been proposed that areca nut-derived nitrosamines may be diabetogenic in a way similar to streptozotocin, which targets and damages islet b-cell glucose receptors. 11 Several studies 1, [12] [13] [14] have shown that individuals with poorly controlled diabetes mellitus are more susceptible to developing periodontal inflammatory conditions than individuals with well-controlled diabetes or individuals without diabetes. Prediabetes is a state of abnormal glucose homeostasis characterized by the presence of impaired fasting glucose (IFG), IGT, or both. Prediabetes designations (IFG and IGT) have been defined by fasting blood glucose levels (FBGLs) of 100 to 125 mg/dL and post-glucose challenge levels of 140 to 199 mg/dL, respectively. 15 Moreover, individuals with prediabetes might also be more susceptible to periodontal inflammation than individuals with normal levels of serum glucose. In a recent study, 2 selfperceived oral health and clinical parameters of periodontal inflammation were investigated in patients with and without prediabetes. Clinical parameters of periodontal inflammation (plaque index [PI] , bleeding on probing [BOP] , and probing depth [PD]) were higher in patients with prediabetes. 2 In this study, it is hypothesized that: 1) periodontal inflammatory conditions are worse in habitual gutka chewers compared with non-chewers; and 2) severity of periodontal inflammation is higher in gutka chewers with prediabetes compared with nonchewers with prediabetes and gutka chewers without prediabetes. The aim of the present study is to investigate the severity of periodontal inflammatory conditions in gutka chewers and non-chewers with and without prediabetes.
MATERIALS AND METHODS

Ethical Guidelines
The study was conducted from May to October 2009 and was approved by the ethics committee of the Engineer Abdullah Bugshan Research Chair for Growth Factors and Bone Regeneration, 3D Imaging and Biomechanical Laboratory, College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia. Written informed consent was obtained from all participants before inclusion in the study.
Study Participants
Gutka chewers were defined as individuals who had been chewing ‡1 sachet of gutka daily for ‡1 year. 1 Individuals who reported to have never consumed tobacco in any form were categorized as nonchewers. 1 Gutka chewers and non-chewers with prediabetes were randomly recruited from the diabetes care unit of a local healthcare center in Karachi, Pakistan. Gutka chewers and non-chewers without prediabetes were recruited from a local residential area in the vicinity of the healthcare center. In both groups, individuals were asked to present their medical records to verify the presence or absence of prediabetes.
Exclusion Criteria
The exclusion criteria were: 1) habitual tobacco smoking or alcohol consumption; 1,12 2) completely edentulous status; 1, 12 3) presence of other disorders including acquired immune deficiency syndrome, cardiovascular disorders, renal disease, and hepatitis B or C infection; 1,12 4) malocclusion (overlapping teeth); 1,12 and 5) current or recent use of corticosteroid, antibiotic, or non-steroidal antiinflammatory medications. 1, 12 Interviewer-Administered Questionnaire Information regarding age, sex, gutka usage (yes/ no), duration of gutka consumption, and duration of placement of gutka in the mouth was recorded by a trained interviewer (FJ) using a questionnaire. Information regarding the treatment of prediabetes was also documented.
Measurement of FBGLs
FBGLs were measured using a glucometer. † † Participants were categorized into two groups as follows: 1) healthy controls, FBGL <100 mg/dL (5.6 mmol/L); and 2) individuals with prediabetes, FBGL ‡100 and <126 mg/dL (7.0 mmol/L). 2 
Clinical Periodontal Examination
One investigator (FJ), masked to whether the study participants had prediabetes, performed the clinical periodontal examination. The overall k value for intra-examiner reliability was 0.78. Fullmouth PI, 16 BOP, 17 and PD 18 were measured at six sites (mesio-buccal, mid-buccal, disto-buccal, distolingual/palatal, mid-lingual/palatal, and mesio-lingual/palatal) on all maxillary and mandibular teeth (excluding bilateral maxillary and mandibular third molars). PD was measured to the nearest millimeter with a graded probe. ‡ ‡18 Fractured teeth with embedded root remnants were excluded.
Radiologic Examination
Digital panoramic radiographs were taken using a panoramic tomography machine. § § The panoramic radiographs were viewed on a calibrated computer screen ii using a software program. ¶ ¶ Marginal bone loss (MBL) was considered the vertical distance from 2 mm below the cementoenamel junction (CEJ) to the most apical part of marginal bone. 1 One investigator (FJ) gauged the MBL on bilateral maxillary and mandibular premolars and molars. Bilateral maxillary and mandibular third molars and tooth surfaces at which the CEJ and/or the bone crest were not visible because of technical reasons (such as dental restorations, interdental caries, overlapping teeth, or poor radiographic quality) were excluded.
Statistical Analyses
Statistical analysis was performed using a software program. ## One-way analysis of variance was used to determine whether the dependent variables (PI, BOP, PD [4 to <6 mm and ‡6 mm], and MBL) were related in a statistically significant manner with the independent variables. The independent variables were transformed into dichotomous variables, for example, gutka chewers with prediabetes versus nonchewers with prediabetes, gutka chewers without prediabetes versus non-chewers without prediabetes. The Bonferroni adjustment post hoc test was performed for multiple comparisons. Odds ratios (ORs) for the risk of periodontal inflammation in gutka chewers and non-chewers with and without prediabetes were also calculated with 95% confidence intervals (CIs). Multivariable logistic regression analysis was used to calculate the OR for periodontal inflammation while simultaneously controlling for age, sex, gutka chewing, prediabetes, and (gutka · prediabetes) interaction. P values £0.05 were considered statistically significant.
RESULTS
Characteristics of the Study Population
In total, 44 individuals (34 males and 10 females) with prediabetes and 44 (36 males and eight females) without prediabetes were included. The association of gutka use with periodontal inflammation was first evaluated in the total group and then within individuals with and without prediabetes. Also assessed was the independent association of gutka use with prediabetes irrespective of periodontal inflammation.
The mean ages of gutka chewers and nonchewers with prediabetes were 40.4 years and 38.1 years, respectively, and without prediabetes, 36.2 and 36.4 years, respectively. The respective mean durations of prediabetes among gutka chewers and non-chewers were 6.4 and 5.8 months. The mean durations of gutka-chewing habits in individuals with and without prediabetes were 5.4 and 4.6 years, respectively. There was no significant difference in the duration of placement of gutka in the oral cavity in either group (Table 1 ). All individuals with prediabetes received recommendations by healthcare professionals to follow dietary control regimens to regulate their glycemic status.
FBGLs
The mean FBGL among gutka chewers with prediabetes (119.5 mg/dL) was significantly higher than that in gutka chewers without prediabetes (80.1 mg/dL) (P <0.05) ( Table 1 ). The non-chewers with prediabetes had significantly higher FBGL (108.2 mg/dL) than gutka chewers without prediabetes (80.1 mg/dL) (P <0.05). In individuals with prediabetes, there was no significant difference in FBGL among gutka chewers and non-chewers (Table 1) .
Clinical and Radiologic Parameters of Periodontal Inflammation in Gutka Chewers and Non-Chewers With and Without Prediabetes
Percentage of sites with BOP in each mouth was significantly higher among gutka chewers with prediabetes compared with non-chewers with prediabetes, healthy chewers, and healthy non-chewers. Both chewers and non-chewers with prediabetes had the highest mean difference in BOP (46.5% and 39.8% sites) compared with healthy non-chewers (Table 2 ). These same groups had the highest mean difference in percentage of sites with deep ( ‡6 mm) pockets (14% and 11.5%) compared with ‡ ‡ Hu-Friedy Manufacturing, Chicago, IL. § § Kodak 8000C, Carestream Dental, Atlanta, GA. PDC = gutka chewers with prediabetes, PDNC = non-chewers with prediabetes, HC = gutka chewers without prediabetes, HNC = non-chewers without prediabetes, NS = not significant.
healthy non-chewers. Percentage of sites with plaque showed similar group differences. MBL was significantly higher in gutka chewers with prediabetes compared with gutka chewers without prediabetes (P <0.05). There was no significant difference in MBL among gutka chewers and non-chewers with prediabetes. These results are shown in Figure 1 .
Association Between Gutka Chewing and Periodontal Inflammation
Overall, the OR for periodontal inflammatory conditions in individuals with prediabetes compared to healthy controls was 9.0 (95% CI = 3.4 to 23.6). Gutka chewing alone, chewing among individuals with prediabetes, and chewing among healthy controls did not statistically increase the odds of periodontal inflammation (Table 3) . Irrespective of chewing, individuals with prediabetes were 13 times more likely to have periodontal inflammation than individuals without prediabetes (Table 4) . There was no significant interaction between gutka chewing and prediabetes in relation to periodontal inflammation.
DISCUSSION
In the present study, an OR of 9 is observed for the association between prediabetes and periodontal inflammation. Assuming a 35% prevalence of prediabetes among controls, to detect an OR of 4.5 (half of that observed), only 40 cases and 40 controls are needed to have 5% type 1 error probability and 90% power. Although this study is not a case-control study where the cases were individuals with periodontal inflammation, given the higher prevalence of periodontal inflammation in this population, it is safe to assume that the study has adequate power, with 88 individuals, to evaluate the associations. Marginal bone loss in gutka chewers and non-chewers with and without prediabetes. *P <0.05; † P <0.05; ‡ P <0.05; § P <0.05. In an experimental study, Boucher et al. 19 demonstrated an increased incidence of IGT in mice fed with areca nuts (an essential component in gutka) compared to control mice. Impaired glycemic status has been associated with an increased production and accumulation of reactive oxygen species (ROS) in the body tissues, including the periodontium. 20, 21 It has been reported that increased production of ROS augments periodontal inflammation and alveolar bone loss by decreasing endothelial nitric oxide synthase expression and producing pro-inflammatory cytokines that jeopardize periodontal tissues. [21] [22] [23] ROS production has also been associated with habitual areca-nut usage. 24 In an experimental study, Thangjam and Kondaiah 24 demonstrated that the oxidative stress induced by arecoline regulates the inflammatory processes in human keratinocytes. However, the present results suggest that the intensity of oxidative stress induced as a result of hyperglycemia is by far greater than that produced by gutka chewing. It is notable that in this study population, all individuals with prediabetes had raised FBGL compared with those without prediabetes. The present results support the previous studies, [22] [23] [24] since patients with prediabetes were nine times more susceptible to periodontal inflammation than control individuals (irrespective of the gutka-chewing habit). It seems that the hyperglycemic state in individuals with prediabetes boosts oxidative stress and proinflammatory proteins, which in turn masks the contribution of gutka consumption toward jeopardizing periodontal tissues. Multivariate analysis of the predictors of periodontal inflammation also showed pre-diabetic status to be a stronger predictor of periodontal inflammation than gutkachewing habit. However, further studies involving gutka chewers with prediabetes and non-chewers with prediabetes with controlled glycemic status (FBGL £100 mg/dL) are warranted to investigate the influence of gutka chewing on periodontal health.
In the control group (individuals without prediabetes), periodontal inflammatory conditions were worse in gutka chewers compared with nonchewers. One explanation for this difference may be related to the fact that slaked lime (aqueous calcium hydroxide), an essential ingredient in gutka, has been associated with inflammation of the oral mucosa. 25 In parallel, areca nuts contain alkaloids (majorly, arecoline) that jeopardize periodontal tissues. 7 The fact that the non-chewers with prediabetes had more intense periodontal inflammation than gutka chewers without prediabetes may once again be associated with the hyperglycemic state of the individuals with prediabetes in this study. In this context, prediabetes is the only predictor of periodontal inflammatory conditions in this study population.
A limitation of the present study is that gutka chewers (with and without prediabetes) had been chewing gutka for approximately 5 years. It may be hypothesized that the intensity of periodontal inflammation in gutka chewers with prediabetes with a longer history of gutka chewing may be worse than those with a shorter history of gutka chewing. It has been reported that the severity of periodontal inflammation increases with advancing age. In the study by Javed et al., 12 individuals >60 years of age were more susceptible to periodontal inflammation than individuals from 40 to 45 years old. In the present study, all participants were approximately 40 years old. It is hypothesized that elderly individuals who habitually chew gutka may display a worse periodontal status than young gutka chewers. However, further studies on a larger sample size are warranted in this regard.
CONCLUSIONS
In conclusion, within the limits of the present study: 1) in medically healthy individuals, periodontal inflammatory conditions are worse in gutka chewers compared to non-chewers; and 2) in patients with prediabetes, the severity of periodontal inflammation is governed by hyperglycemia when compared to habitual gutka usage. 
